To solve soil problems involving heat capacity and heat flow, soil specific heat capacities must be known. In the past, most reported soil specific heat capacities were determined by the "method of mixtures" (3, 4, 5, 6). Briefly, this method consists of heating a substance to a particular temperature and quickly mixing it into a liquid medium of known temperature and known specific heat. Ideally, from the law of conservation of energy, the heat lost by the substance must equal the heat gained by the liquid. By knowing the masses involved, the changes in temperatures, and the specific heat of the liquid, the unknown specific heat may be easily computed.
While the theory is relatively simple, accurate measurements are quite complex. Difficulties arise in accounting for such factors as thermal leakage of the calorimeter, heat generated by the stirrer, and evaporation of liquids. In addition, the heat absorbed by the calorimeter and accessories must be considered. For coll~oidal materials, such as soils, the measurements become more difficult because of the "heat of hydration."
Many early investigators of soil and soil mineral specific heats (4, 5, 6 ) reported values to the third and fourth decimal place. Calorimetry of this precision is costly, time-consuming, and requires extensive training and experience. In view of the variation in most soils, such precision may be unwarranted. Thus, the l~urpose of this investigation was to find a method to measure soil specific heat that demanded less training, time, and expense and yet gave reslults sufficiently accurate for most soils work.
THEOILY
The radiation method of measuring specific heats is based on "Newton's L~I N If the temperature cliangcx of the eoollng body is sufficiently small for its spccific h a t to be considered constant, the relation between net rate of energy loss and the rate of temperature is the sarne, the radiation constant l e is thc same, and thc temperature of thc surrounding wator is the s a m and almost constant, thcn from cquations [d] to [6] Equations [6] and [8] :Ire the basis of radiation calorirnetcr.
[9]. Thus
Is' Customarily this procedure is used to &%ermine the specific heat of liquids. In doing so, one cup is filled with distilled water, the other with the liquid being tested. Both are heated to the same temperature antl then placed in radiation ralorimeters and allcwed to cool. By comparing the cooling curves, one easily computes the specific heat. A detailed description of the complete procedure is given by Weber (7) and in Ccnco's selected experimmts in physics (1) I3ecause of the simplicity of operat~orl, ttrc ease of computaion, and commercial availabilit> the of the rad~atiori calorimeter, it mas derided to :~dapt it to soil specific heat determinations. The thermometers used in this experiment were of laboratory grade with a range of 0" to 51°C. Subdivisions were marked in O.l°C. intervals. Arbitrarily one was chosen as correct; the other was corrected to it by a calibration curve. This curve was established by submerging the two thermometers in distilled water hea,ted to 50°C. and reading each as the stirred water cooled to 25°C. The thermometers were submerged to the same depth as in the cups.
The volumes of that portion of the thermometer submerged in the cups were determined by submerging them to the same depth in a waterfilled buret tube and noting the displacement. One set of cooling curves is shown in figure 3 . All materials gave curves of the same general shape. Table 1 gives the specific heat results for several soils and minerals. These results are compared with those reported by earlier investigators who used the "method of mixtures" (4, 5, 6, 8) .
As shown in table 1, there is considerable variation in specific heat values for any one material when determined with a radiation calorimeter. The average of several values did, however compare favorably with values determined by the "method of mixtures." Among the minerals this waci especially true for quartz sand, hematite, dolomite, and corundum; the other minerals varied by less than 0.03 cal./g. "C. In the above comparisons it should be recognized that the specific heat of a mineral will vary slightly in the mterval37"C. to 100°C.
Of special interest is the average value of corundum. Corundum has been recommended by the calorimetry conference as the standard reference for heat capacity measurements from 14°K. In view of the assumptions made in developing the radiation method, all values determined with the radiation calorimeter must be considered approximate. The suitability of this method can be judged only in reference to the standards and goals set by the experimenter.
SUMMARY
The theory and method of making specific heat capacity dekrminations with a radiation calorimeter are giken.
Approximate soil and mineral specific heat capacities are easily and quickly determined with the radiation calorimeter. A minimum of instruction is needed to make these deterininations.
The average of several determinations gave values closely approximating the known specific heat capacities for several minerals. Corundum, a calorimeteric reference, was especially close.
Values for fine-textured soils appeared high compared with the values for similarly textured soils reported by Patten.
